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1- Renewable distributed generations (RDGSs)
2- Non-renewable distributed generations (NRDGs)
3- Day-ahead (DA)
4- Real-time (RT)
5- Combined heat and power (CHP)
6- Flexibility sources (EFs)
7- Electricity energy storages (EESS)
8- Thermal energy storages (TESS)
9- Virtual power plant (VPP)
10- Micro-grid (MG)
11- Energy hub (EH)
12- Electric vehicles (EVs)
13- Optimal power flow (OPF)
14- Mixed integer linear programming (MILP)
15- Non-linear programming (NLP)
16- Mixed integer non-linear programming (MINLP)
17- Evolutionary algorithms (EAS)
18- Active loads (ALS)
19- Value of lost flexibility (VOLF)
20- State of charge (SOC)
21- Scenario-based stochastic programming (SBSP)
22- Mont Carlo simulation (MCS)
23- Synchronous backward method (SBM)
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Abstract: In this paper, optimal participation of the grid-connected energy hubs in the day-ahead
energy and reserve markets is presented. The proposed scheme includes objective function that is
minimized the difference between flexibility cost of hubs and their revenue in these markets. Also, this
problem is constrained to power flow equations in the electrical, gas and heating networks, technical
and reserve limits of these networks, and operation model of hubs including different sources and
active loads. In the following, the stochastic programming is used to model the uncertainties of load,
market price, networks reserve demand, renewable generation power, and energy demand of mobile
active loads. Finally, by implement of the proposed scheme on the standard test network, the obtained
numerical results confirms the capabilities of this scheme in the improvement of economic and
flexibility situation of energy hubs, and improving the operation situation of the energy networks.

Keywords: Energy hub flexibility, Energy network, Energy and reserve market, Stochastic
programming.
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